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The combination effects of inhibitor of Na2CrO~ and 
Na2HPO~ in 3% NaCl solution for 0.15% carbon steel were studi-
ed by weight loss tests during ten days and electrochemical 
tests. Na2CrO~ prevents the initiation of deep pits. 
Na2HPO~ protects most of the steel surface from the general 
corrosion attack but produces localized deep pits. v-7hen 
Na2CrO~ and Na2HPO~ are added together into 3% NaCl, icorr. 
becomes smaller than that for each inhibitor. Especially, 
adding 10 ppm Na2CrO~, i carr. is almost the same regardless 
of the concentration of Na2HPO~ (10-100 ppm) . The combi-
nation of Na2CrO~ and Na2HPO~ stifles the disadvantage of 
individual inhibitor and thus provides much effective 
prevention of corrosion in sufficient concentration. 
1. Introduction 
The application of corrosion inhibitors in the liquid system 
is one of the corrosion prevention methods. Many types of corro-
sion inhibitors are used and generally are divided into three 
types. 
The anodic inhibitor is absorbed on the anodic area of the 
corroding metal and reduces the metal disolution reaction. This 
is usually organic compounds having N, S or 0 atom with free 
(donor) electron pairs. Several kinds of anodic inhibitors which 
cause a large shift in the corrosion potential are called passi-
vating inhibitor. However, they cause pitting and sometimes an 
increase in corrosion rate if used in insufficient concentration, 
thus they are also called dangerous inhibitors. The examples of 
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these are sodium chromate and sodium nitrite (1). 
The cathodic inhibitors reduce the exchange current density 
for hydrogen evolution or the exchange current density for oxygen 
reduction. The examples of these are AS203 , N2H4 and sulphite, 
which are well known as oxygen scavengers (1). 
Film forming inhibitor causes the precipitation of the solid 
film over the cathodic area. The examples are phosphates and 
hydrogen carbonates ions, which interact with hydroxide ions pro-
duced by oxygen reduction in order to precipitate phosphates or 
carbonates film over the cathodic area. 
Anodic and Cathodic inhibitors usually control the only indi-
vidual reactions. However, corrosion is proceeded by both anodic 
and cathodic reactions, so that an individual inhibitor is not 
sufficient in several environments. For example, increasing the 
concentration of chromate ion lowers corrosion rate but does not 
prevent localized attack for mild steel (2). Thus, a binary com-
bination of anodic inhibitor and film for~ing inhibitor is commonly 
used. It was reported that the phosphate-chromate inhibitors 
stifle the intensified corrosion or pitting (2,3). However, the 
degree of inhibitor effect of binary combination as a function of 
concentration remained unclear. 
In the present work, the combination effects of inhibitors of 
Na2Cr04 and Na2HP04 in 3% NaC1 solution for mild steel were studied 
by weight loss and electrochemical tests. 
2. Experimental procedure 
The test material was 0.15% carbon steel fully annealed at 
910°C for 1 hour. Chemical compositions and Vickers microhardness 
are listed in Table 1. The test pieces of both weight loss tests 
and electrochemical tests were the disk, with a diameter of 20 mm 
and a thickness of 5 mm. The test surfaces were polished with 1200 
grade emery paper. The test piece was then degreased and cleaned. 
The test liquid was 3% NaC1 solution (made by adding 3 wt.% NaC1 
to ion exchanged water) • Na2Cr04 and Na2HP04 as corrosion inhibi-
tors were added into 3% NaC1 by various concentrations. 
Weight loss tests were carried out by fully immersing the test 
piece in the beaker (800 m1) of the test solution during ten days. 
The temperature of test solution was kept at 20°C. After exposure 
to the solution, each test piece was rinsed in water by using 
supersonic cleaner, dried and then the weight loss was measured 
with a precision balance (sensitivity of 0.01 mg) . 
The potentiostatic method was used in order to measure icorr. 
Table 1 Chemical compositions (%) and hardness 
C Si Mn P 
0.15 0.25 0.47 0.015 
S Cu 
0.013 0.14 
Reference 
electrpde 
Ni Cr 
0.04 0.18 
Volt mete 
KCl saturated 
Hardness Hv 
135 
Capillary 
Specimen 
Test liquid 
Pt electrode 
Fig.l Test apparatus of potentiostatic method 
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electrochemically. Figure 1 shows the test apparatus of the potentio-
static method. The test piece was used as a working electrode, 
calomel as a reference electrode and Pt foil as an auxilIary elect-
rode. The test solution was aerated by using bubbling pump 
during test and kept at room temperature. 
A scanning electron microscope (SEM) and a Talysurf 10 surface 
profilemeter were used to observe the corroded surface exposed to 
the test solutions. 
3. Experimental res~lts and discussion 
Figure 2 shows the SEM photographs of the corroded surface of 
the mild steel specimens exposed to various test solutions during 
ten days. Fig. (a) is a original surface before test. In 3% NaCl, 
general corrosion attack occurs uniformly {Fig. (b». In 3% NaCl 
with 10 ppm Na2CrO~, the surface is slightly corroded over the 
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whole surface (Fig. (c)). In 3 % NaCl with 100 ppm Na 2HP0 4 , large 
pits occur but the other surface is not corroded (Fig. (d)). Fig. (e) 
shows the damage at the combination of 10 ppm Na 2Cr0 4 and 100 ppm 
Na2HP04. The original surface can be seen and thus corrosion of 
the surface is negligible. From these observations, it was found 
that each inhibitor and combination of them stifle the corrosion 
in different way. 
To study inhibitor effects as a function of concentration in 
the various test solutions, i corr. of the s pecimens were measured 
by the potentiostatic method. Figure 3 shows the e xamples of the 
extrapolated curves of anodic and cathodic polarization in the 
various test solutions. The corrosion potential and i corr. is 
obtained at the intersection of anodic and cathodic curves. 
icor r . in 3% NaCl with inhibitor is smaller than that in 3% NaCl. 
The combination of 10 ppm Na 2Cr0 4 and 100 ppm Na 2HP0 4 much de-
creases i corr . 
From these polarization curves, i corr . are p lotted as a func-
tion of the concentration of Na 2Cr0 4 and Na 2HP0 4 in Fig.4 (a) and 
(b), respectively. i corr . decreases sharply when only Na2Cr04 is 
(a) original surface 
Fig.2 SEM photographs of corroded surface exposed to the 
various solutions during ten days 
(b) 3% NaCl solution 
(d) 3% NaCl with 
100 ppm Na 2HP0 4 
(c) 3% NaCl with 
10 ppm Na2Cr04 
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(e) 3% NaCl with 10 ppm Na 2Cr0 4 
and 100 ppm Na2HP04 
Fig.2 SEM photographs of corroded surface exposed to the 
various solutions during ten -days 
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Fig.3 Polarization curves 
added 1 ppm in 3% NaCl and then decreases smoothly with increasing 
Na 2Cr04 (Fig. 4 (a». On the other hand, ,the variation of i corr. 
vs. the concentration of Na2HP04 shows the similar tendency as 
Na2Cr04. However, the effect of the inhibitor is smaller for 
Na2HP04 than Na2Cr04. When Na2Cr04 and Na2HP04 are added together 
in 3% NaCl, icorr. becomes smaller than that in each inhibitor. 
Especially, when 10 p'pm Na2 Cr04 is added, i corr. is almost the same 
regardless of the concentration of Na2HP04. Therefore, the suf-
ficient combination of both inhibitors is much beneficial in 
reducing i co!'r .• 
The corrosion rates were calculated from icorr. using the rela-
- 7 2+ 
tionship that 1 mdd corresponds to 4 x 10 AI cm 2 for Fe ~ Fe • 
Table 2 lists the corrosion rates for the typical four conditions, 
together with the results obtained by weight loss tests during ten 
days. Here, the inhibitor efficiency was defined as follows (4). 
inhibitor efficiency (%) xlOO 
RO corrosion rate in absence of inhibitor 
Ri corrosion rate in presence of inhibitor 
Although the corrosion rates are much larger for weight loss tests 
than for potentiostatic method, inhibitor efficiency is almost the 
same between both methods except for the case in 3% NaCl with 100 
ppm Na2HP04 . The combination of both inhibitors is the most 
beneficial in increasing inhibitor efficiency. 
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Fig.4 (a) Variations of icorr. as function of concentration 
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Table 2 Corrosion rates, inhibitor efficiencies and 
roughness of weight loss test specimens 
Concentration of Potentiostatic Weight loss test 
inhibitor (ppm) method 
Na2Cr04 Na2HP04 Corr. rate Efficiency 
Corr. rate Efficiency Ra 
(mdd) (%) (mdd) (%) (lim) 
0 0 3.75 - 54.3 - 0.3 
10 0 0.4 89.3 11.2 79.4 0.2 
0 100 0.7 81.3 44.0 18.9 0.6 
10 100 0.2 94.7 7.2 86.7 0.1 
{~x 
12.5 
8.9 
13.1 
8.5 
To make clear the mechanism of prevention of corrosion, the 
surface topographies were measured for the weight loss test specimen 
exposed to the test solution during ten days. Figure 5 shows the 
surface profiles. The profiles of right side were enlarged by ten 
times of those of left side in horizontal direction. The center 
line average roughness, Ra, and maximum roughness, Rmax' were also 
measured and presented in the Table 2. In 3% NaCl, the metal sur-
face are corroded uniformly and Rmax of the pits are about 12 pm 
(Fig. (b». In the 3% NaCl with 10 ppm Na2CrO~, the surface is 
slightly rough compared to that in 3% NaCl(Fig. (c». The surface 
is prevented from corrosion because a considerable amount of 
passivative film is produced by adding CrO~2-ion. However, the 
degree of prevention is not sufficient in this concentration. On 
the other hand, for the profile in 3% NaCl with 100 ppm Na2HPO~, 
the large deep pits, whose Rmax is about 1.1 times larger than 
that in 3% NaCl, occur locally but the other surface is negligibly 
corroded (Fig. (d». This is because Na2HPO~ promotes the passi-
vation due to the adsorption of oxide on the anodic area and thus 
most of the virgin surface is protected by passivative film. 
However, passive-active cell is formed locally at the area where 
the passivative film is imcomplete, so that localized attack occurs. 
For the profile in 3% NaCl with 10 ppm Na2CrO~ and 100 ppm Na2HPO~, 
general corrosion of virg'in surface and initiation of deep pits are 
suppressed (Fig. (e». Therefore, the combination of both inhiJ?itors 
in sufficient concentration may stifle the disadvantage of individ-
ual inhibitors, so that inhibitor effect becomes remarkable. 
(a) original surface 
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(b) 3% NaC1 solution 
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(c) 3% NaC1 with 10 ppm Na2CrO .. 
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(d) 3% NaC1 with 100 ppm Na2HPO .. 
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Profiles of corroded surface exposed to the various 
test solutions during ten days 
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4. Conclusion 
Inhibitor effects were studied in 3% NaCl solution for 0.15% 
carbon steel. The following conclusions are drawn. 
(1) Na2CrO~ prevents the initiation of deep pits. 
(2) Na2HPO~ protects most of the metal surface from general 
corrosion attack but produces deep pits. 
(3) The inhibitor effect is much larger for Na2CrO~ than Na2HP04o 
(4) The combination of 10 ppm Na2Cr04 and 100 ppm Na2HPO~ stifles 
the disadvantage of individual inhibitors and thus provides 
much effective prevention of corrosion damage in sufficient 
concentration. 
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